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Reduction of Epidermal Cell Proliferation in Skin
Lesions in Lepromatous Leprosy is Greater than in

Indeterminate and Tuberculoid Leprosy Lesions'
Maria Heloisa R. Palermo, Ithamar Vugman,

Raoul N. Fleury, and Sergio Zucoloto 2

Leprosy, an infectious disease, shows a
continuous spectrum of clinical manifesta-
tions between two poles—tuberculoid and
lepromatous. Ridley and Jopling (' 9 ) com-
bined clinical manifestations and histo-
pathologic changes, and described a live-
group classification system covering the
whole spectrum: tuberculoid (TT), border-
line tuberculoid (BT), borderline (BB), bor-
derline lepromatous (BL), and lepromatous
(LL). It is well known that it is the cell-
mediated immune response that determines
the specific clinical appearance of this dis-
ease ( 4 ). At the tuberculoid pole, skin lesions
show a small number of bacilli, activated
macrophages, and a high ratio of T-helper,
T-cytotoxic/T-suppressor, and interleukin
1+ (IL-1 +) cells. The granulomatous infil-
trate has an epithelioid character. Toward
the lepromatous pole, T-helper and T-cy-
totoxic cells decline, while T-suppressor and
IL-1+ cells increase in number, macro-
phages are heavily infected, and their acti-
vation decreases (22 ). Langerhans' cells and
the number of keratinocytes as well as Ia+
phenotype expression by keratinocytes also
correlate with the clinical and morphologic
spectrum of leprosy ( 9 ).

A dermal inflammatory process with an
early and preferential impairment of skin
nerves is one of the unique peculiarities of
leprosy. Skin areas with lesions are anes-
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thetic. The dermal inflammatory process
and changes in the nerves have been widely
studied ( 6 ' 15 ). However, epidermal changes
rarely have been studied (`). 13 ' 18 ). Trophic
ulcers are one ofthe most important clinical
features of leprosy. Although it has been
suggested that they might be caused by nerve
impairment, which leads to cutaneous an-
esthesia, a decreased epidermal prolifera-
tion could also contribute to their cause.
Recently we have shown that epidermal cell
proliferation is reduced in the skin lesions
of leprosy patients ( 14 ). We now show that
epidermal cell proliferation is significantly
reduced in indeterminate, TT, and LL pa-
tients. The smallest reduction occurs in in-
determinate leprosy, and the highest in lep-
romatous leprosy.

MATERIALS AND METHODS
Seventeen leprosy patients (40 to 60 years

old, but 1 of whom was 10 years old) both
males and females, newly diagnosed and
untreated, and classified as indeterminate,
TT, and LL were included in this study.
After informed consent was obtained, each
patient received a 0.1-m1 3 H-thymidine 100
/ICI (Sp. Act. 6.7 Ci/mol; Dupont, Boston,
Massachusetts, U.S.A.) local intradermal
injection at a site showing a cutaneous an-
esthetic lesion and at a contralateral appar-
ently unaffected site. Injection sites were ei-
ther on the trunk or the limbs. One hr later,
4.0-mm punch biopsies were made at both
injection sites. The entire procedure always
was performed during the morning.

The biopsy fragments were fixed in 10 11/o
formaldehyde containing 10% glycerine for
24 hr. Paraffin sections (4-pm thick) were
taken either for autoradiography or for
staining with hematoxylin and eosin (H&E)
or with Fite-Faraco stain. The histopatho-
logic classification of the patients was es-
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TABLE 1. Epidermal cell proliferation in
patients with indeterminate leprosy."

Patient
no.

Biopsy
site Bb SBC B + SB

1 Arm 1.44 2.98 4.42
CC 3.28 5.72 9.00

2 2.49 3.76 6.25
C 2.03 3.04 5.07

3 Forearm 0.21 0.18 0.39
C 2.84 4.23 7.08

4 Thigh 2.04 2.14 4.18
C 3.39 3.68 7.07

5 Thigh 1.09 1.65 2.74
C 1.20 2.18 3.28

Median L 1.44 2.14 4.18
C 2.84 3.68 7.07

p < 0.05

Data are percentages of labeled epidermal cells.
b B = Basal layer.

SB = Suprabasal layer.
d L = Area with lesion.

C = Area without lesion.
f Site of biopsy not referred to in protocol.

tablished according to Ridley and Jopling
( 19 ). In five other patients, the clinical di-
agnosis of leprosy was not confirmed by his-
topathologic examination, and they were
found to have nonspecific dermatitis. The
microscopic findings being inconspicuous,
these biopsies were considered to be from
"normal" skin, and were used as nonleprosy
controls.

For autoradiography, every fifth section
was taken and covered with Kodak AR 10

TABLE 2. Epidermal cell proliferation in
patients with tuberculoid leprosy."

Patient
no.

Biopsy
site

0, Sl3c B + SB

6 L° Arm 2.07 0.69 2.76
C' 1.99 2.56 4.55

7 L Leg 0.11 0.41 0.52
C 1.04 1.62 2.66

8 L Back 1.84 1.21 3.05
C 2.04 2.50 4.54

9 L 0.87 1.18 2.05
C 2.41 2.68 5.09

Median L 1.35 0.93 2.40
C 2.05 2.53 4.54

p < 0.05

Data are percentages of labeled epidermal cells.
b B = Basal layer.

SB = Suprabasal layer.
° L = Area with lesion.

C = Area without lesion.
f Site of biopsy not referred to in protocol.

stripping film, according to Pelc ( 16 ), ex-
posed for 28 days at 4°C, developed and
stained with H&E. The percentages of basal
and suprabasal labeled cells were deter-
mined as the ratio between the number of
basal or suprabasal labeled cells and the to-
tal number of basal cells counted. The total
number of cells counted varied between
2600 and 26,000 cells/biopsy. Cells with at
least five silver grains over the nucleus were
considered to be labeled ( 2°).

For statistical analysis the Mann-Whit-
ney U test and the Kruskal-Wallis test with
a level of significance set at 5% were used.

RESULTS
Indeterminate leprosy. The epidermal

cell proliferation in biopsies from five pa-
tients was determined. A significant reduc-
tion (p <0.05) in the percentage of labeled
cells in the areas with lesions (median 4.18)
as compared to the contralateral areas with-
out lesions (median 7.07) was found. In only
one patient (No. 2) was labeling in the area
with lesions greater than in the contralateral
area. Cell labeling in the suprabasal layer
was greater than in the basal layer in all
biopsies, both in areas with and without le-
sions, but in patient No. 3 the area with
lesions had cell labeling slightly greater in
the basal layer than in the suprabasal layer
(Table 1).

Tuberculoid leprosy (TT and BT). In all
four patients epidermal cell labeling in areas
with lesions (median 2.40) as compared to
contralateral unaffected areas (median 4.54)
was significantly reduced (p <0.05). Cell la-
beling in the suprabasal layer was greater
than in the basal layer in all four biopsies
from unaffected areas, as well as in areas
with lesions from two patients (Nos. 6 and
8; Table 2).

Lepromatous leprosy (LL and BL). In
this group, eight patients were studied. In 4
of them (Nos. 12, 14, 16, 17) the contra-
lateral biopsies, which clinically appeared
to be from unaffected areas, at microscopic
examination showed lesions. In two of these
patients (Nos. 12 and 14) both biopsies
showed rather similar labeling indexes; in
the other two (Nos. 16 and 17) large differ-
ences were found. For statistical analysis,
only the four patients from whom biopsies
with and without microscopic lesions were
available were used. In these four patients
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TABLE 3. Epidermal cell proliferation in patients with lepromatous leprosy."

Patient no. Biopsy site B" SBc B + SB

10" Scapula 0.11 0.19 0.30
C' 1.22 1.21 2.43

11" L Arm 0.15 0.29 0.44
C 1.73 2.07 3.80

12 L Infra-scapula 2.36 2.34 4.70
L 1.85 2.72 4.57

13" L 2.58 2.42 5.00
C 3.34 4.30 7.64

14 L Knee 1.70 0.31 2.01
L 1.85 0.64 2.54

15" L Abdomen 0.29 0.12 0.41
C 1.80 1.91 3.71

16 L 2.06 2.25 4.31
L 0.44 0.15 0.59

17 L 0.95 0.93 1.88
L 0.45 0.18 0.63

Median L 0.22 0.24 0.42
(N = 4) C 1.76 1.99 3.75

p < 0.05

a Data are percentages of labeled epidermal cells.
B = Basal layer.
SB = Suprabasal layer.

d Used for statistical purposes.
L = Area with lesion.
C = Area without lesion.

N Site of biopsy not referred to in protocol.

(Nos. 10, 11, 13, 15) epidermal cell prolif-
eration in areas with lesions (median 0.42)
as compared to contralateral unaffected ar-
eas (median 3.75) was significantly reduced
(p <0.05). Labeling in areas with lesions
was lower than in unaffected areas in all four
patients. In 3 out of 4 biopsies from areas
without lesions, cell labeling in the supra-
basal layer was greater than in the basal lay-
er. In 8 out of 12 biopsies from areas with
histologic lesions, cell labeling in the basal
layer was greater than in the suprabasal lay-
er (Table 3).

"Normal" skin. Epidermal cell prolif-
eration in biopsies from contralateral areas
without lesions of patients from all three
groups was similar. There also were no dif-
ferences in epidermal cell proliferation be-
tween these biopsies and those from "nor-
mal," nonleprous controls (Tables 4 and 5).
In the latter, cell proliferation was also
greater in the suprabasal layer than in the
basal layer (Table 5).

DISCUSSION
The results presented here show that in

leprosy patients epidermal cell proliferation
in areas of the skin with lesions as compared

to contralateral unaffected areas is signifi-
cantly reduced. Thus, epidermal cell prolif-
eration in cutaneous lesions of leprosy pa-
tients differs from other chronic inflam-
matory pathologies of the skin in which epi-
dermal cell proliferation is increased (9, 20, 26).

Cutaneous neuritis, one of the peculiar
features of leprosy, leads to a progressive
deterioration in cutaneous sensitivity in the
corresponding area (' 5 ). There is some evi-
dence that cutaneous nerves might influ-

TABLE 4. Epidermal cell proliferation in
leprosy patients and in -normal" patients."

Area
without^p Value
lesion

Ind 5 4.18 (5.85) 7.07 (5.72) <0.05a
TT 4 2.40 (2.24) 4.54 (2.43) <0.05'
LL 4 0.42 (4.70) 3.76 (5.25) <0.05a
N 5 4.42 (4.30)
p Value <0.05" >0.05"

a Data are medians (ranges) of indexes of labeled
epidermal cells (basal + suprabasal).

b Ind = Indeterminate leprosy; TT = tuberculoid lep-
rosy; LL = lepromatous leprosy; N = normal skin.

Mann-Whitney U test.
Kruskal-Wallis test.
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TABLE 5. Epidermal cell proliferation in areas without lesions of leprosy patients and
of -normal - patients."

Subjects" No. SB" 13 + SB

Ind 5 2.84 (2.64) 3.68 (3.54) 7.07 (5.72)
TT 4 2.05 (1.37) 2.53 (1.06) 4.54 (2.43)
LL 4 1.76 (2.12) 1.94 (3.09) 3.76 (5.25)
N 5 2.03 (1.78) 2.14 (3.12) 4.42 (4.30)

" Data are medians (ranges) of indexes of labeled epidermal cells.
" Ind = Indeterminate leprosy; TT = tuberculoid leprosy; LL = lepromatous leprosy; N = normal skin.

B = Basal layer.
SB = suprabasal layer.

ence epidermal cell proliferation. Superfi-
cial nerves, Schwann cells, and perineural
cells are present in increased numbers in
psoriatic skin ( 24 ). A reduction in the mitotic
index of dermal cells after sectioning of an-
terior and posterior roots of spinal nerves
in rats has been described ("). The number
of cutaneous nerves and neuropeptide con-
tent (substance P, calcitonin related peptide,
vasoactive intestinal peptide, neuropeptide
Y) is slightly decreased in indeterminate
leprosy, reduced by 50% in lepromatous pa-
tients, and all but absent in tuberculoid lep-
rosy lesions ( 10). Our results indicate that
denervation seems not to be a significant
factor in reducing epidermal cell prolifera-
tion, since this decrease is much greater in
lepromatous patients than in tuberculoid
patients, while denervation is much more
extensive in tuberculoid than in leproma-
tous leprosy ('°).

The reduction in epidermal cell prolif-
eration in skin lesions of leprosy patients
seems instead to be related to a deficiency
in the cellular immune response. Differ-
ences in the cutaneous cellular immune re-
sponses in leprosy patients have been de-
scribed ( 22 ). The cellular immune response
deficiency is more intense in lepromatous
leprosy where the greatest reduction in epi-
dermal cell proliferation occurs. In indeter-
minate and tuberculoid leprosy, where the
cellular immune response is less deteriorat-
ed, cell proliferation is also less reduced.
When cell-mediated immunity in lepro-
matous skin lesions is reconstituted by in-
tradermal injection of PPD, IFN--y, and rI L-
2, keratinocytes increase in size and num-
ber, leading to epidermal thickening, while
the cutaneous inflammatory process changes
to a cell infiltrate characteristic of tuber-

culoid lesions (7_9 ). In reactional states (er-
ythema nodosum leprosum) cutaneous le-
sions show epidermal hyperplasia ( 21 ). Ker-
atinocytes secrete a variety of cytokines dis-
playing immunological, inflammatory and
proliferative activities ( 2 23 ). The deficiency
in the cutaneous cellular immune response
inducing a reduction in keratinocyte num-
bers may thus lead to a decrease in cytokine
secretion by keratinocytes themselves. This
decrease in cytokine levels could possibly
intensify the deficiency in the cellular im-
mune response.

In 4 lepromatous patients both skin bi-
opsies showed histopathologic lesions (Ta-
ble 3); 2 of these patients showed rather
similar percentages of epidermal cell pro-
liferation in both biopsies, but the other 2
patients showed large differences between
biopsies. These differences in cell prolifer-
ation suggest that areas with characteristic
histopathologic features in the same patient
may have varying impairment of the cel-
lular immune response.

Percentages of labeled epidermal cells in
areas without lesions in leprosy patients and
in nonleprosy "normal" controls were sim-
ilar. The decrease in epidermal proliferation
in leprosy patients thus seems to be restrict-
ed to areas with cutaneous lesions.

The median percentage of the total num-
ber of labeled cells (basal + suprabasal) in
skin biopsies from unaffected areas of lep-
rosy patients and from "normal" nonlepro-
sy patients found by us was 4.48%. Com-
parable numbers have been reported: 4.9%
( 3 ), 3.8% (I) and 2.5% (5, 12, 25) . In our bi-
opsies, labeling in the suprabasal layer was
always greater (55%) than in the basal layer
(45%). In skin biopsies from "normal" non-
leprosy patients labeling also was greater in
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the suprabasal layer (51%) than in the basal
layer (49%). Higher epidermal cell labeling
in the basal layer (68%) than in suprabasal
layer (32%) in normal human skin has been
described ( 7 ). In areas with lesions from
indeterminate patients, cell labeling was
greater in the suprabasal layer than in the
basal layer in 4 out of 5 biopsies. In tuber-
culoid patients, cell labeling in the basal lay-
er was greater than in the suprabasal layer
in 2 out of 4 patients. In lepromatous pa-
tients, cell labeling was greater in the basal
layer than in suprabasal layer in 8 out of 12
biopsies.

SUMMARY
We have compared epidermal cell prolif-

eration in skin biopsies from areas with le-
sions to contralateral areas without lesions
in patients with indeterminate, tuberculoid
and lepromatous leprosy. Cell proliferation
was determined as the percentage of labeled
cells in the basal and suprabasal epidermal
layers, using autoradiographic preparations
of skin biopsies taken 1 hr after a 3 H-thy-
midine intradermal injection. We have
found a significant reduction in epidermal
cell proliferation in areas with lesions in the
three groups of patients. The greatest re-
duction occurred in lepromatous patients.
In lesions of patients with indeterminate or
tuberculoid leprosy, the reduction was the
same, and in both groups it was smaller than
in lepromatous patients. In the areas with-
out lesions, the index of labeled cells was
similar to that of "normal" skin of nonle-
prosy patients.

In the contralateral unaffected areas from
leprosy patients and in "normal" skin from
nonleprosy patients, as well as in affected
areas from patients with indeterminate lep-
rosy, epidermal cell labeling was greater in
the suprabasal layer than in the basal layer.
In lesions of lepromatous patients, cell la-
beling was greater in the basal layer than in
the suprababal layer.

Our findings suggest that the reduction of
epidermal cell proliferation in leprosy pa-
tients is restricted to the cell-mediated im-
mune response, more intense in leproma-
tous leprosy. It does not seem to be related
to denervation, which is greater in tuber-
culoid leprosy.

RESUMEN
Se compare. Ia proliferaciOn dc las celulas epider-

micas en las biopsias de piel de areas con lesiones con
aquellas de regiones contralaterales sin lesiones, en pa-
cientes con lepra indeterminada, tuberculoide y lepro-
matosa. La proliferaciOn celular se determine, como el
porcentaje de celulas marcadas en las capas epider-
micas basal y suprabasal utilizando preparaciones au-
torradiograficas de biopsias de piel tomadas 1 h des-
pues de la inyecciOn intradermica de timidina tritiada.
Se encontrO una significante reducciOn en la prolife-
raciOn de celulas epidermicas cn las areas con lesiones
de los 3 grupos de pacientes. La mayor reducciOn ocu-
rriO en los pacientes lepromatosos. En las lesiones de
los pacientes con lepra indeterminada o tuberculoide,
la reducciOn fue la misma, y en ambos grupos fue mas
pequena que en los pacientes lepromatosos. En las areas
sin lesiones, el indice de celulas marcadas fue similar
al de la piel normal de los pacientes no leprosos.

En las areas contralaterales no afectadas de los pa-
cientes con lepra y en la piel normal de los individuos
sin lepra, asi como en las areas afectadas de los pa-
cientes con lepra indeterminada, el marcaje de las ce-
lulas epidermicas fue mayor en la capa suprabasal que
en Ia capa basal. En las lesiones de los pacientes le-
promatosos el marcaje de celulas fue mayor en la capa
basal que en la suprabasal.

Nuestros hallazgos sugieren que la reducciOn de la
proliferaciOn de las celulas epidermicas en los pacientes
con lepra (mas intensa en la lepra lepromatosa) esta
relacionada con el nivel de respuesta inmune celular y
que no parece estar relacionada con denervaciOn, la
cual es mayor en la lepra tuberculoide.

RESUME
Nous avons compare Ia proliferation de cellules

dermiques dans des biopsies cutanees provenant de
regions presentant des lesions avec celles provenant de
regions contralaterales sans lesions chez des patients
presentant une lepre indeterminee, tuberculoide et le-
promateuse. La proliferation cellulaire a etc determi-
née par le pourcentage de cellules marquees dans les
couches Cpidermiques basales et suprabasales, utilisant
des preparations autoragiographiques de biopsies cuta-
nees prelevêes une heure apres l'injection intrader-
mique de 3 H-thymidine. Dans les trois groupes de pa-
tients, nous avons trouve une reduction significative
de la proliferation cellulaire epidermique dans les zones
presentant des lesions. La reduction Ia plus forte sur-
venait chez les patients lepromateux. Au niveau des
lesions de patients presentant une lepre indeterminee
ou tuberculoide, Ia reduction etait semblable, et dans
les deux groupes elle etait plus faible que chez les ma-
lades lepromateux. Dans les regions sans lesions, le
pourcentage de cellules marquees etait similaire a celui
de Ia peau "normale" de temoins non-lepreux.

Dans les regions contralaterales non atteintes de ma-
lades de Ia lepre et dans la peau "normale" de témoins
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non-lêpreux, ainsi que dans les regions atteintes de
patients presentant une lepre indeterminée, Ic pour-
centage de cellules Cpidermiques marquees etait plus
Cleve dans la couche suprabasale que dans Ia couche
basale. Dans les lesions des malades lepromateux, Ic
pourcentage de cellules marquees etait plus Cleve dans
la couche basale que dans Ia couche suprabasale.

Nos observations suggerent que la reduction de Ia
proliferation cellulaire epidermique chez les malades
de la lepre est limitee a la reponse immunitaire a me-
diation cellulaire, &milt plus forte dans Ia lepre mul-
tibacillaire. Cela ne semble pas etre associe a une &-
nervation, qui est plus importante dans la lepre tuber-
culoide.
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